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HIGHLY PIPELINED PRINTINO SYSTEM ARCHITECTURE 

Technical Field of the Invention 

The present invention relates generally to printing -g,^ anrt !n 
u- w - * ^ systems, and in particular tr> 

high performance printing systems. The nresent i . ' 

^ present invention rrlfltAc „ T 

Background Art 

^Pnnting process lte elf typically consi,* of a number of sequential « 

of which ^ ^ of a combiaation of ^JTT 31 P ™ S ~~ 
sub-proccsscs fa * «^o n computer sofWare and ha^ware based 

P roce88ca - the conventional printing model, each S uh_™, 
i completed before th„™ ^ each sub-proc^ stage must be fully 

P etea before the next sub-process stage can commence. 

Many modern printer enjanes - ui , . 

o wouglvu. . amaUoa arise where „w d«. re<mi P «. f„. 
. , =J ireo, the pnnMr cngio. mvet cyc ^ ^ 

* p^«u blmk mcdia fa ^ J— * - » 

pn.cc.ins. P 8 ' Cm prmter «W> again begin 

of c^ir^trr 1 '' * ^ *~ - 

can« ^ tys[mi w ^ maiim 

presence of bou*™,*, wMen _ fa JLT^ 
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each print job sIbo increases, typically increasin* in nm™^ 

' rc«smg m proportion to the square of the 

resolution increase, since th<~ 

since the pnnted page ts r^iim«i,i 0na i. The aforemenuoned 
technological advances place increasing s»*i« ~~ .u 

mode . S m * UI °* ^ ^cntio^l sequential processing 
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however. srac . spoou,* add, additional e VerhMd K ^ ^ ^ * 
^ data n™ b. typicmy ^ ^ ^ ^ ^ ^ ^ 

P™ job. _ ^ fc „ ^ job ^ 

first page ofajob can be primed. 

Summary or the Invention 

atnelio J " " ^ * ^ ^ * * ™*> o r at least 

amehorate, one or more disadvantages of existing cement, 

According to a first aspect of the invention, is provided . ^ 

for printing a punt job comprising a number of pages, the system including^ 
a receive hardware ^ ^ ^ ^ ^ 

desenpuon da., in the & nn of adispUy lis, to a renderer softie interface • 

readC ^ *r performing first process^ of the display u, 

to thereby output a first processed display list; and 

rendering hardware, adapted to perform second process™ «f ,u «= 

disoiav w- r „ tu , processing of the first processed 

P ay to «««PUt raw pixel data, wherein: 

said receiving hardware interface the r™^- ^. 
rend^u ^ ' 016 rendftr ™S software interface, and the 

™odercr hardware are arranged to operate in a pipelined manner, being thereby capable of 
Co,™,, prcsctstasJob data from at ^ » ne page of ^ prim jQb """""^ 
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According to mother aspect of th. invade, is providea . mahoi Qf ^ 
process^ for . p*,** ^ adapte4 for . ^ ^ ^ ^ ^ 

pages, said method comprising steps of: 

first coupling, by a receiving han4ware lDXer ^ of ^ 
» data to a tenderer software interface in the form of a display list; 

performing first processing, by the renderer software interface, of the display «„ 
to thereby output a first processed display list: and 

performing second processing, by rendering hardware, of the first processed 
display list to thereby output mw pixel data, wherein; . 

said first couple said first and said second processing steps operate in a 
PJ pehned manner, being thereby capable of concurrently processing job data from at least 
one page of the print job. 

According to another aspect of the invention, there is provided a computer 
readme medium for storing a program for a print system ^ to ^ a jflb 
comprising a number of pages, said program comprising: 

code for a first coupling stap for coupling, by a receiving hardware q{ 
-omin s page description data to a tenderer software interface in the form of a dismay 

code for a first processing step for processing, by the renderer software interface 
of the display list to thereby output a first prised display list; and 

code for a second processing step fb r processing, by rendering hardware, of the 
fim processed dispiay list to thereby output raw pixel data, wherein: 

said code for the first coupling step, said code for the first and said second 
processing steps operate in a pipelined manner, being thereby capable of concurrent* 
processing job data from at least one page of the print job. 

According to another aspect of the invention, d— is provided a computer 
program for a print system adapted to print a job comprising a number of pages. said 
program comprising: 
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cede for a first coupling step f or coupling, by a ^ 

mcoimng page description data to a tenderer software interface in the form of a dispUv 
list; 

code for a first processing step for processing, by the renders software mteriace, 
of the display list to thereby output a first processed display list; and 

code for a second processing step for processing, by rendering hardware, of the 
first processed display list to thereby output raw pixel data, wherein: 

said code for the first coupling step, said code for the first and said second 
processing steps operate in a pipelined manner, being thereby capable of concurrency 
processing job data from at least one page of the print job. 

According to another aspect of the invention, there is provided a method of data 
processing for a printing system which comprises a science of pipeline processes, said 
method comprising, for b current pipeline process, steps of: 

reading input data from an upstream pipeline process; 

operating upon said input data if an internal buffer of said current P ip e ,i n e 
process is not full; 

stalling said upstream pipeline process, if said internal buffer is full; and 
writing said input data, having operated thereupon, to a downstream pipeunc 

process, if sai d downstream pipeline process is not stalling said current pipeline process. 

Brief Description of the Drawings 
One or more embodiments of the present invention wfll now be described with 

reference to the drawings, in which: 

Fig. X shows a block diagram representation of hardware components in a 
Printing system according to a first arrangement; 

Fig. 2 shows a pipeline arrangement for th c host computer of Fig. 1 ; 

Fig- 3 shows pipeline processing details &, the printer controller of Fig. 1 ; 

Fig. 4 shows pipeline details for the print engine of Fig. 1 ; 

Fig. 5 is a schematic block diagram of a <r«i m i 

Wdsrara or 8 general purpose computer upon which 

the disclosed arrangement can be practised; 
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Fig. 6 is a flowchart of method 
from ■» stream devic* ^ 10 ^^ed proccssillg of da(a 

FiS- 7is aflowch anofmethod . 
for a d owustream ^ ^ *> bu«e r . baaed ^ ^ 

*»» & om an upstr^ device; ^ ^ 10 sraij- based proccss ^ Qf 

is a flowchart ofm^ 

15 connection betw«« «ne" is used to 

^ Pr ° Cc - block* and/or between „ 8 ^ 

connection, can tak« a van^ G f difr crcnt . / «***»■ 

between software processes. ^ "P™*" software calls 

** arrant, ^ ^ fi a systenif ^ ^ 

1 10 n „^ "pporo both a forward data Arm, ^ • 

100 -x" • Pnnfcr conquer ,04 ^ ^ °" 

«"»» -tcrfacc .0* ^ providefi " " n,rOUCT » fa-,-™.. ,„ 

- - ,, vmblc J d ~ - • - — .03. ^ 

«— * » *. pc«, ra . printme ^ — * - ^, ^ 

however ^ cm ^ — • '<* - — « „ . ^ 

Manufacturers (OEMs , Fig8 . *" * ^ *• 
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proccsses acting on the forward data path HO, and thereafter the reverse data path 112 
will be described. The various components shown in Fig. 1 may be performed by a 
combination of hardware and software, the extent of combination typically being 
dependent upon the desired functions of the specific component. Typically, a physical 
5 combination of the printer controller 104 and the print engine 108 is called a "primer". 

Fig. 2 illustrates pipeline processes operating within the host computer 100 as 
described in the-above arrangement, and in particular, relates to processes on the forward 
data patb 110. Fig. 2 elaborates on the various data processing stages within major 
hardware and software components depicted in Fig:, l. the processing stages depicted in 
10 Fig. 2 are configured to dperate sequentially but concurrently, in which a current stage 
can accept data from a previous stage, and send data to a downstream stage as output data 
from the current stage becomes available. Each stage also provides a "stall control" 
.signal back to the previous (upstream) stage, in order to indicate when data flow should 
be quenched to avoid causing overflow of internal buffers in the downstream stage or 
15 stages of the pipeline. 

Accordingly, having regard to a page to be printed, a host application 200 makes 
Printer Graphical Device Interface (GDI) calls on a line 20 2 , the** caUs desC nbing the 
page image to a printer driver 204. GDI calls are used in Windows-" operating systems 
manufactured by Microsoft Corporation of USA. The host application 200 uses a GDI 
» call to tell the ptW arive* 20 4 about the appearance of the page to be printed. GDI calls 
can, for example, direct the printer driver 204 to draw a circle, line, picture or other 
graphical object at a specific location on the output page. The printer driver 204 in turn 
generate * p*ge description for communication on a line 206, this description being 
produced in any applicable Page Description Language (PDL) accepted by the printer. 
5 Typical page description languages include Postscript, PCL. LIPS, or alternately, 
printer specific formats which can be proprietary. The page description generated by the 
printer driver 204 is written to a spooler 208, which may be part of a Windows- printing 
system manufactured by Microsoft Corp USA. The spooler 208 in the present 
arrangement sends the data, using a line 210, directly to a printer port monitor 212. 
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w.thout a need to spool the data onto a disk drive 

monitor 212 • ^ ° f ""P** 100. The port 

monitor 212 in turn sends the date, usinx a line 7^ 

interfW ?1< ^ • ' *° 811 ^P 11 ^ hardware 

erfaOC 216 > PCrf0mUnS of the Wacc 102, „, which can b 

^t^acecapabl.ofcon^unicationwi^Urcprimcr Exatnn, , "* 
5 tfef '1^ -r^=,« n "iwcpnmcr. Examples of such interfaces include 

TCP*, ove, BBMmM . „ My ^ ^ ^ jnwface 

^ 216 h SBlt „ . lin . 218 te t priM8r J- 

interface 300 (see Fig. 3). 

0 data on a line 302 to a nam rf^w^w . J 

of* !7 ^ ""n— 304. which imnpreK the 

arrangement, the interpreter 304 . j- , 

identic k - ^Generates a display hat whose content is substantially 

identjeal to the job data received on the line 302 , 

^^^^ m^^"^* - 

job ^ on «,„ „„. 302 te ^ . ^rLTTTh mTO 304 intepras 

receive Pr>. .. ., " «d.«»ntiaUy di«e™, te „, e 

oao^^^.p^^.^^^ 

ta. 310. „ . ^ ^ _ 3JZ ^ ^ ^ 

in P tL :r " - ~ r 308 — * ~ - 

312 s »r« ^ ™™ tt,^ data ^ WOCeSS 
TKa . me ^ 0ma display hat memory 324 

The storage and retrieval in the dispfcy list memory 324 which ■ h • 
arrow 32s ^ "emory 324, which « depicted by a bilateral 

— 3*. * P. rf o™« ^ « MOTOry Ac _ (DMA)> ^ ^ 
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rendering hardware processes ^i-? „_ 

yswessea ->12 generates raw pixtl data f 

Printer controller 104 using a line 314 -r* ^^.oq from the 

Saline 314. 7*0 raw pixel da* which is sent o« rK , , 
- he repress for exampjB , in ^ RQB J « « *• 

c oav erte r 400o f U 1 c P ru«en 8in e 1 0 8 ,as S ee» i nF ig .4. "* " ~ » ' — 

Pixel data which is r^Ved on the line 314 is faJL mCOnUng ^ 

converts the data to a colour _ ^ * ^ e °" V «* 40 °. 

« ^forsen<nngon a ,i M 406 asr '^^^^^--1- 
* a Jrac 4 *w as required bv th* 

una, °» the appropriate output medium 
The ahov. deseriptfon ha, been directed «, fomHd . „ 

'hat each stage in the aforememWd CM c^ 0 r ^ ' ^ ^ 
» internal bitflering. Elch _ , . suo-proc*^ WcaUy ha. some 

■age m the ptpelme. should the corresponding . 

~ in ^^^^^ aa r P rn 2 rws 

ami makes use of the iine, 220-228 of R*. 2 r , / ' 
412of Kg .4. ^ * ^ 3 and unes 4 10 and 

noted that the aforeMlescribed processing stages can be im l 
mix of hardware and/or software The „ v rn.plemen.ed M in 2 a 

software stages). This aonli« ^ "chcatum, (eg. between 

s ' Anxs applies both to sienals on a a r 

; reversepath 112 which relates to rf M r *^ pa * 110 ' °« *e 

en relates to signalling of th B stall eonditiotis 

Stan signals flow in the reverse direction in ^ 
I- *e figures, indicating that these sisals " " ^ ^ 

if they are necess^ „ - " * ^he preset 

arrangement. 

«y to prevent buffer overflow. Other stall mechanic,* , 
relation to Fig. 8. The forward data flow 110 i srf • ^ ^ de8Cribcd in 

U0 18 dCplCtCd * d arrows having solid 

2*050! 
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^ ' n<BCI * W *" *" ** " - «~ in the ^ ^ of 

op^on. Stall conditio. aianaUina prevraB ^ overflow ftom ^ 

procesalng swgc. while at tr« sarna nm» alto™ n,^™, 

8 nuuum, » n concurrent proofing ra 



The «all control —a-fc.. cenriaered tan the maridns ^ ^ md 
~n« Ceased suo-proe^ in Fis . 4 , opmMi „ ^ ^ 

'"t 5 ^ "■*"—>' *» »■ I—* -S* 404 on the ho. 406 M has 

b~ d«nW When the rn^n, en^ 4M ^ „ ^ ^ W _ _ 

hardware signal depicted by a dashed arrow 4in to «~ _ 

088060 4»0 to the output processing stage 404 which 

The colour converter 400 consequently 9t»n« »h- ■ u 

n=«l»enny nails the rendering hardware sub-procst 
3.2 < S « Ftg . 3, * rne^ of . ^ 0 „ , ^ _ J16 ^ rcnd=jmsr 

"«~™«y 1. the render* ae*™. interfao . 308 . oy means of* a signal on a 

•«« on the line 3,8 propane fcrfcer i. th. „ v „ se „ ^ 

^-proceas 304 on a daahod arrow 32 „, btockiag ^ ^ ^ ^ 

<- ~» 304 ce.ea re^Un* input a** ^ ■ «. hardwro 
interface 300, this being caused bv a stall J , 

A K „ stoH signal on a dashed arrow 322. The receiving 

o hardware interfaces 300, in turn, stalls t h*> hnrt l ^ . 

ntm. stalls the host hardware interface 216 (see Fig. 2) by 

ZT a TIT a daahed 220 - causiDg * c host h — *—» to 

~" 212 * — - a stau 51gnal on ^ a ^ 

<=tow 222. The port monitor 212, in turn, blocks write c »n. «. .u 

010CKS calk from the spooler 208 by 

means of a staU signal on a dashed arrow 224 this in mm u~ in 

n(m . ^ L , ' mis in mm being propagated to block write 

agnalsfiom the printer driver 204 by means of a stall ,f MA i , . 

uy mean* a stall signal on a dashed arrow 226 The 

printer driver 204, in turn, prevents the GDI calls from fh* h , . 

. , ™° ^ rrom the host apphcation 200 by means 

of a stall signal on a dashed arrow 228. 

It should be noted that each of the afor«m-ntJ««aw4 _* „ - 

^ 01 »e aforementioned stall Slgn als is asserted when a 
relevant downstream module cannot aee^r «„„ * _»u -. 

cannot accept any further data, typically because an internal 
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^ffer ^ociated with ^ do^^ moAU 

ua pipenned manner. AccordintHv rh* *%.v 

-,,o 4 .3o,3^.3, 3 , w . w ^^« M ::t:^ 2oo • 204 • 2os • 2l^ • 2,6 

forward pnb lI0 (eM Fil , „. <«'«•*»« <m *. 

' " is °° F, «- w >"cb i> facility by ,h. „ 

deaeriried priming arrangement. ^ m "* ° f *• 

The disclosed method of data Droce«; rt „ «„ • 
In dedicaa* . lmenb " ** Pn— sy5tOT< cw b „ 

unaware elements, or m dedicated softw^ -i 

-~^,^ on4(pi ^^7 to 7''— — Having regard io 

- », . „ fapIOTCTted j:ir' p rT:r 2o<> ' 204 - 208 

software and hardware Ace rrt* , . Really .mpl^^d ,„ a Qf 

naraware. Accordingly, the corjndetxons 218 ?™ 

hardware/software miv h 220 can tako fo ™ of a 

Ethem t ^-^^^03 of theHnterfaces used (eg ffiEE 

Ethernet, and so on). Processes 304 and 3n« » . *, • .. 1284 
processes 324 and 3l2are ^J" ' ^™ * "ftware, while 

ana J 12 are typically unplemented in hardware Th* 
*W various stages carrv eith^ y, ~* 1116 COm,ectlQns between 

ges carry either hardware based signals, or software coll, 
-h the specif of the Mentioned irnp Iemcn ^ ^ " «" 

The method of data Droces*.*™ c 

**— hardware SMn „ m 7 8 ^ ' ^ ^ „ 

sucn as one or more integrated circuit, r r 

-b W«o„ of ^ pr0CMSins fcr a . "« « 

8 C " m "" g Su>=h dadic»cd hartwara m .y 



240502 



- 11'. 



IS 



25 



include graphic processors, digital si^.i 

9 uu & JlflJ signal processor*: A4 . 
associate memories. or one or mon^ microprocessors and 

COToj «" ^ A. com,™*. The safta, """-"^oaa m the sofrware ^ ^ 

— can*™ .e^^^^" «"~ - ^— par,, one 

oomputer prog™, r=wd ^ ou it * a software o, 

PrW1WS ■>-» io ^ J" 8 - «br d*U proc ^„ g f „ a 

-n,» «c5cnbed arrangtanents. 

ne computer system 500 com™*.-. 

- . *^Wd M2 Md „,.,„„ JM ' "* * C ~ 50.. inp „, ^ suc „ 

"° mP,e — vi, . Iete[>hMie *" "°^«*™ner„or k 5 2 0. f or 

«»^«, be «, BohNiu>:w] *' ■" ^ r^i^ Th= 

uioaiue 501 typ»caUy include* a + t- . 
uui.50*. fo r fomM J " — - — r , 

- and an I/O J^TT! ^ ^ ' — 

* OA&k drive 510 mA * a 

u md a floppy disk 
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dnv.S.l. A magnetic tape drive (not illustrated) may also be used. A CD-ROM 
dnvc 3,2 is typify provided „ , souree „ f ^ compon(inB ^ 

« 513 of the computer modnl. 501, typically communicate vi. an interconnected bus sn4 
and ■ a manner which r^ul* in . convent*.,! mode of operarion of the computer 
» — to in ft. Levant an. Examples of computers on which 

embodim^ e „ be prac„„4 i„e Iud . BM .p C . s „„ Sim or 

alike computer systems evolved therefrom. 

Typically, the application program of the emhrfimen. i, resident on the hard 
die* drive 5 1 0 and read and conn-oiled m te by ^ pr)ccssor J()5 

> of the program and any dan, fctehed tem Bctwork s20 may „ e 

usmg the scmiconducu.r memoryJOo, posribly in concert with ft. haM disk drive 510 
In some mshmcs. the applicanon urogram may be supplied m ft. user e ^ coaed „ . CD . 
ROM or floppy disk and read via .he .o^din, ^ or 
may be read by the user <rotn ft. netwo* 520 vi, ft. modem device 5,0, SoJ1 ^ 
the ao«w« can abo be loaded into ft. compuu* sys^OO flotn oftcr computer 

"™ med '" ,n ^ lVaine a " Sm6C ' R ° M w *»*. a magneto-opnea, 

dufc, a radm or fanned transmission rtlmel ^ ^ ^ 

anoft.r device, a computer re*ab,e cart such „ a PCMCIA card, and the hnemct and 
6»ran«s mcUrdin. =m», rr„™s,io ns and inform*^ meorded on w.bs,W and *. 

computer ™dab,. mediums may be pracne* without dspming ^ ^ 

of the invention. 

Fig. 6 show, , flowchart of method step, for a buffer-based port process « 10 
which on an upsh,am input port (such » ft. pen 230 , K& a of , 

~pre«u,»ve pip., ta . proces. (s«h as the printer driver 204 u> this ex.*™,., a.,^ 
u. Figs. 2 to 4. On a pom, of terminology, ore -^or, process" «, 0 is to te difference, 
from the "pine*,, process" 204 (namely ft. drive, 204 , on wh os. upshot input 

pen 230 the port process 6 ,0 h, a step 500, the port procass 6 10 wan, *r hmu, da* 
from an upstream pipeline process. Thereafter, m a tesnhg step d02. an interna, buffer of 
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the pipeline process 204 on whose ups^ port ^ ^ 

checked for overflow Tf»n ™ ^ ,S ™""*£ 

or overflow. If an overflow condition is detected, then the Mrt 

— «— *. o„- ^ ^ ^ mcs lvaltoble r pr °" ss 204 

.o , step 60S which „ _ ■ " 610 * 

precccas to read input data from th* imn.- . . 

buffcrofthepip^e^.^ R T, ™* e *^ d ~'~™°<ne interna, 
oi rue pipeline process 200. is not 

step 600 where «, directed m accordance with an unw 60s back to the 

step 600, where «h. port process «10 writs (or farther i-,^,.,. 

process. ^ 1x0111 the upstream 



see 
16) 



Fig- 7 shows a flowchart of method step, desenbm* a buffer v, ^ 

* 710 which run, « the output (na^v downstrel f ^ a b ^-ed pon proc„ 3 

u , ydOW1,Streamfaoui «)Po« (such as the port 212 

F»g 2) of each pipeline process (such as the hoar h ^ • 

descrih^- P - < « Hie host hardware interface pipeline process 2 

aesenbed m Fi£s. 2 to 4. Inastct>70o fk~ „ ws ^ 

* c " /uu > the port process 710 waits ft™- . 

^ioerswr^er the output of the . ,. " d *°""l«««* a terin, step 702 

output of the p.pchne process 216 is being stalled if* . , 
case, then the pot, procesa 710 i, direensd in a™™, * Uns is the 

704, which *ee« operas „ ^7 * -~ 

™ thepresim: tT 2,6 — - «— • device 

step 70.. JTZTZt J ^ -P-P™o, sdlrcctcama ^ 
icn writes data from the internal buffer of the ™„.n 

°«P». pot, thereof. R ^.n gtoUMtes u Og s tep 702. i /roZ 

706. ArW «_ ' ' m — *« »* • ^" 

«»»™ S back to the wait step 70 o. ---»*-. 

Kg. 8 shows a flowchart of method stent for » • 

S10 which -Tuns- on a. m _ • gC,,enC """-based pen process 

" *™ °"« 0PS,IM^ ■ ^ Csuch as th . po„ 230 of Pi 6 . 2) of a 
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^ ™ 6 ^ * *c primer 204) . 

™— m a testing 802 aMat . J*™*"*^™^^ Pipeline process. 
„• .. » test is performed for .. .. . 

is too busy to read rVom an upstream cxam I"«. ~n«.t process 

— p_ -r::zrrrr faD ~ ui * 

to write processed output datt .o a corresp din """"^ """"^ ° r 

■oca, bufjfer in the CU M , p ^ ^ ™ * "fT"" Process. AUem^. , 

.0 describe,, in retanon to Figs , ^ 7 " * ^ «-*••..«» coition. as 

rigs. & and 7. It la noted that in thi. tac . ». 

^ ~* ** - » ' *~~ P»«s. however ealTrlT' *" 

c«r=nr proe^. to ^ ^ cumM upstream direction to tbe 

» process. Returning to Pit S " ^ ** ~ "> - — 

^ 111 accordance with a "yes fl an- 
stalls the upstream device flc the h** ™- ^ ° W * * ^ 804 ' whi <* 

^^ hc ^^ 200) until ih e stalls ^ 
Once th, S occu,*, ^ pott *■ «* condat.cn tenninares. 

- input datd ta the ^ d * * ^ 806 P~- i to read 

1 «H Edition exists, the* Aa DOrf ^ ^ RCtUrDing * *° *02, if « e 

* wot tne port process 810 is ■ 

— •» *e step !06 . After the step 8C * re j T " *~" "** " 
Upstt «™ deport process N0 is directed ' ,,, ' U, *» *e 

P»cess. fOT fiOTher 1«a (ro» fte opsrfM)n 

Fig. 9 shows a flowchart of j»eih~i _ 
P-es. „„ wWoh ^.^ o J f ^ *— » sta.,.^ ^ 

described in Figs. 2 to 4. m a step 900 rh ' process 

process. Once such data is detected, a 
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<«*»S *ep 902 eonsid^ „ hcthei . M 

P« p^ 910 is difectdd to a write stop 906, which wrfte, procea3 ^ ^ „ , he 

■ Returning to ths tasting step 902, if no still 

- * present *. ptoees . 910 fa ^ ^ ^ g ..^ 

*. -p 90o. ^e, .tep W - ^ 9l0 „ ^ fa 4cconJanM wjth ^ ^ 

back to the wait step 900. 

In general, each of the pipeline dkicm™ : ' ■ 

, . ^ ^ P mC prOCesses 111 F *g*. 2 to 4 (from the printer 

*n- .04 to ». OMput deyiee ^ _ to 

- ™ ootpu, port pfoeess 910 on u« = m ^ s mput 1 ^ ™ 
respecnvelyofthepipelinedp roc «5. P« ports 

Industrial Applicability 

It is apparent from the above thai the ✓ v „ 

. . , _ 1110 embod ™ ent ( s ) of the invention arc 
applicable to the printing industry and inH*— 4 . - _, 

y mdUSny which Performance 

Pnnting processes are used or required. 

The foregoing describes only one embodiment of th. 
^ . menr °f «i© present invention, and 

ZST T chang " " " ""^ """"" — - *» - ^ « 

spm, of the tnvendoa, ,„e embodta™ ^ iUusIralivc ^ ^ 
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